To test whether the presence of gastric adenomas (dysplasia) was associated with gastric reflux of duodenal contents, six patients with familial adenomatous polyposis (FAP) who had gastric adenomas and nine matched FAP patients without gastric adenomas underwent scintigraphic duodeno-gastric reflux scanning. Reflux was graded 0-6, where O=no reflux, l=intermittent reflux into antrum only, 2=prolonged reflux into antrum only, 3=intermittent reflux into body, 4=prolonged reflux into body, 5=intermittent reflux into body and fundus, and 6=prolonged reflux into body and fundus. FAP patients with gastric adenomas had more severe reflux (median 6, range 4-6) than did controls (median 3, range 0-6; P=0.009, Mann-Whitney U test). These results are consistent with a role for bile in the development of gastric adenomatous polyps and suggest that bile is involved in the dysplasiacarcinoma sequence.
Introduction
The distribution of adenomatous polyps in the foregut of patients with familial adenomatous polyposis parallels mucosal exposure to bile, so that over 90% of patients have duodenal adenomas whereas less than 10% have gastric adenomas'. Furthermore, gastric adenomas occur mainly in the antrum whereas duodenal adenomas occur predominantly around and distal to the ampulla of Vater", There is clinical--' and experimental" evidence linking the development of gastric dysplasia (adenomas) with bile reflux, although there are conflicting experimental studies", We therefore selected patients with and without gastric adenomas from a polyposis foregut screening programme and performed duodeno-gastric reflux scans in order to determine whether an association exists between the presence of gastric dysplasia and bile reflux.
Patients and methods
Of 110 patients endoscoped in the years 1988 and 1989 in the St Mark's upper gastrointestinal FAP screening programme, seven (five men, two women; mean age 45 years, range 20-62) had gastric adenomas (antral 5, antral and body 1, antral and fundic 1; macroscopic 6, diameter 3-20 mm, mean 9 mm; microscopic 1). All of these patients agreed to undergo scintigraphic duodeno-gastric reflux The scintigraphic technique used was based on that validated by Houghton et al. 6 in a study of 105 patients undergoing gastroscopy, in which there was significant correlation between intragastric bile acid levels and the degree of scintigraphic bile reflux.
After an overnight fast, patients were seated in front of a gamma camera and given an intravenous injection of 80 MBq of diisopropylphenyl-carbamoylmethyl iminodiacetic acid (DIDA) which had been labelled with the radioactive isotope sodium pertechnate'Pv'Tc. This compound, secreted by the liver and stored in the gallbladder, was propelled into the duodenum by the administration of 5 p.g of ceruletide (Farrnitalia Carlo Erba, St Albans, Herts), a cholecystokinin analogue". The path taken by the radioactive bile was then followed using serial gamma camera images (real time imaging with hard copy images every 5 min). After emptying of the gallbladder and resolution of any duodeno-gastric reflux, the patient was given 200 ml of a 20 MBq99ffiTc milk drink, to outline the stomach and thereby confirm or refute the presence of reflux. Reporting of scan results was done without knowledge of patient group.
The grading system of Thomas" which quantifies the amount of reflux detected, grade 0 being no reflux, grade 1 reflux into the antrum only, grade 2 moderate reflux into the body and grade 3 marked reflux into the body and fundus, is subdivided into (a) intermittent or (b) prolonged groups. We defined 'prolonged' as the persistence of reflux for more than 10 min, and we modified Thomas's grading system for ease of ranking for statistical analysis. Thus reflux was graded 0-6, so that grade 0 was ranked as 0, grade 1a as 1, 1b as 2, 2a as 3, 2b as 4, 3a as 5 and 3b as 6.
Grades of reflux were ranked for test and control patients and tested for significance using the Mann-Whitney U test (MWU, one-tailed) and the Fisher exact test.
Significance testing was also carried out between grades of reflux obtained by smokers vs non-smokers.
This study was approved by the District Ethical Committee (Approval Numbers 88/1/17 and 88/4/10).
Results
One patient (who had antral and fundic gastric adenomas) had a vasovagal episode after injection of 014)·0768/91/ 080476·03/02.00/0 © 1991 The Royal Society of Medicine 
There were two patients in the test group who had a history of biliary tract stones. Cholecystectomy had been performed in one, while the other had undergone endoscopic sphincterotomy only. These patients had reflux grades of 6 and 4 respectively. In the first of these two patients (a non-smoker), gastroduodenoscopy in 1981 had revealed duodenal polyps only. Cholecystectomy later in 1981 was followed by the onset of reflux-like symptoms of belching, nausea, regurgitation, vomiting and abdominal pain after meals. Repeat endoscopy in 1988 revealed two prepyloric adenomas. ceruletide and the procedure was interrupted for 5 min. Reflux was not seen on resumption of scanning. This patient has been excluded from further analysis because the adverse reaction induced an alteration in autonomic function which almost certainly involved gastric motor function. Some degree of duodeno-gastric reflux was demonstrated in the six evaluable patients with gastric adenomas (the test group) and in six of the nine control patients (P=0.18, Fisher exact test), but patients with gastric adenomas had more severe reflux (median 6, range 4-6) than did patients without gastric adenomas (median 3, range 0-6; P=0.009 MWU; Figure 1 ). Prolonged duodeno-gastric reflux into the body of the stomach was seen in all six patients with gastric adenomas and in three of the nine patients without gastric adenomas (P=0.017, Fisher exact test). The patient with antral and body adenomas had grade 4 reflux. Of the six test patients, four were smokers and four of the nine control patients were smokers (P=0.3776, Fisher exact test). Some degree of reflux was seen in seven of the eight smokers and in five of the seven non-smokers (P=0.45 Fisher exact test). The median grade of reflux was higher in the eight smokers (5.5, range 0-6) than in the seven non-smokers (3, range 0-6; p=0.036, MWU; Figure 2 ). Prolonged duodeno-gastric reflux into the body of the stomach was seen in seven of the eight smokers and in two of the seven non-smokers (P=0.035, Fisher exact test).
Discussion
There is experimental and clinical evidence that links the development of gastric dysplasia with duodenogastric reflux, albeit in the non-polyposis population.
Langhans et al. 4 performed five different operations, with progressively increasing risk of duodenogastric reflux, on the stomachs of 265 female Wistar rats. Using radioactive thymidine as an index of cell proliferation, they found that increasing risk of reflux was associated with increasing cell proliferation.
Mason" attempted to determine whether bile or pancreatico-duodenal content of reflux fluid was responsible for gastric mucosal abnormalities (cell proliferation, dysplasia, cancer) in rats following iatrogenic reflux. He concluded that bile was not responsible, but in this study bile acids were nonetheless detectable in the stomach in the alleged bilefree group, perhaps because of the short distance (10 ern) which separated the implanted bile duct and the gastro-enteric anastomosis. Houghton et al. 9 also performed several reflux-inducing operations on rat~,
as well as including a sham operated group in their study. Operations were performed after priming with the carcinogen MNNG. Using the crypt cell production rate and mucosal DNA content as indices of cell proliferation, they found that cell proliferatioñ s well as cancer generation was significantly higher In the reflux group. Clinically, Watt et al. 2 studied gastric biopsy specrmens taken before and after procedures to divert bile from the stomach from 33 patients with symptom~attributed to enterogastric reflux of bile, the dumping syndrome, or postvagotomy diarrhoea. significant improvement in dysplasia was observed In all 18 patients whose preoperative gastric biopsies had been dysplastic. Thomas et al. lO , in a scintigraphic study of 57 patients who had undergone g~stroscopy and gastric biopsy, found that patients WIth gastric dysplasia (33 patients; all post-gastric surgery) had a significantly higher mean grade of duodeno-gastric reflux than the 24 patients without gastric dysplasia (grade 2.1 versus 1.1; P<0.0025). Mosimann et al. 11 found a significant association between a gastric pH greater than 4, positive duodenagastric reflux as ascertained by the scintigraphic technique, and the presence of gastric dysplasia in 36 asymptomatic patients who had undergone duodenal ulcer surgery 7 or more years earlier. Finally, Houghton et al. 3 conducted an endoscopic biopsy and gastric aspirate study in 108 patients and found that the total bile acid concentration was significantly higher in the 70 patients with gastric dysplasia than in the other 38 patients (P=O.OI, Mann-Whitney U test).
This evidence links duodeno-gastric reflux with gastric dysplasia (adenomas) in the non-polyposis population, while our study suggests that this is also the case in polyposis patients. Of the two patients with a history of gallbladder disease, one appeared to develop gastric adenomas following cholecystectomy, an operation associated with a significant increase in reflux's. Perhaps the development of gastric adenomas in this patient coincided with the development of duodeno-gastric reflux. This patient has been the subject of an earlier report-''.
The other patient with gallstones had undergone endoscopic sphincterotomy only. Although this procedure is associated with non-filling of the gallbladder on scintigraphic scanning-", opacification of the gallbladder was observed in our patient. However, side viewing endoscopy had revealed an abnormal ampulla of Vater and periampullary region (markedly enlarged and carpeted by a tubulo-villous adenoma), so that visualization of the gallbladder in this case may have been a result of ampullary narrowing.
Smoking introduces an additional variable, because smokers have more severe bile reflux than do nonsmokers'", Our study confirms that this is so, but because the two groups were well-matched for smoking status we feel that the greater severity of reflux in the gastric adenoma group is not an effect of smoking.
The occurrence of gastric adenomas in association with duodeno-gastric reflux implies that the environment influences the intestinal manifestations of this inherited syndrome, as is also suggested by the resolution of rectal polyps following colectomy and ileorectal anastomosis in some polyposis patients 16 ,17. One can reconcile these two observations from opposite ends of the gastrointestinal tract by supposing that post-colectomy rectal polyp resolution is a consequence of intestinal hurry, reducing the time that pancreatico-biliary fluid is in contact with the mucosa, whereas severe duodeno-gastric reflux prolongs pancreatico-biliary mucosal contact time, with consequent adenoma growth.
The risk of gastric dysplasia might be diminished by using prokinetic agents, such as cisapride, which improve gastric emptying. Moreover, if the 'intestinal hurry' explanation for post-colectomy rectal polyp regression is correct, then administration of a prokinetic drug would also combat intestinal adenoma growth, by hastening intestinal transit.
